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Aleksei Vasilevich Shubnikov, an outstanding natural scientist, one of the founders of modern 
crystallography, the creator of the Soviet crystallographic s hool, a full member of the U.S.S.R. 
Academy of Sciences, was born 100 years ago. 
His life's work was to bring a physical meaning to crystallography which he considered to be 
an independent scientific discipline in the unity of its geometric, physical, physical-chemical 
contents in both the fundamental scientific and applied aspects. Subnikov's 100th anniversary is
an important date for modern crystallography. It is far from being a common jubilee. Shubnikov 
worked at the turn of two eras in crystallography, he inherited and developed classical crys- 
tallography and foreshadowed the major trends of its progress for several decades ahead. 
Shubnikov was born in Moscow on 29 March 1887. In 1906 he graduated from the Moscow 
Commerical School which was well-known for its outstanding professors. At the lessons of 
chemistry he saw for the first time the charm of crystals. Whenever it was possible he attended 
public lectures on crystallography at the Polytechnical Museum in Moscow delivered by Professor 
G. V. Wulff, whose ardent admirer, passionate student and follower Shubnikov soon became. 
Shubnikov received a silver medal on graduation from the Commercial School, and then he started 
his studies at the Moscow University. He entered it in 1908 and graduated from the Faculty of 
Natural Sciences of the Physics and Mathematics Department in 1913 with a first degree diploma. 
Still at the University, in 1911, he published his first article on crystal symmetry in Zeitschriftfiir 
Kristallographie. Three years later his first article on crystal growth appeared. Since then, these two 
fields, alongside the optical and electrical properties of crystals, became the major spheres of 
interest of his scientific life. 
In the summer of 1914, Shubnikov was enlisted in the army and was sent to the front. In the 
fall of the same year he was badly wounded and transferred to noncombatant service. He served 
as an inspector of manufactured products at a military chemical plant. Shubnikov continued his 
research work even under these severe conditions. In 1916 he published a paper "On the Problem 
of Crystal Structure" [1] in which he proved for the first time and fifteen years before Laves that 
there existed only eleven topologically different ways of dividing a plane into "planatoms" 
(planigons). 
In 1920 Shubnikov started to teach crystallography at the Urals University in Ekaterinburg (at 
present it is Sverdlovsk). He delivered several original courses on crystallography and crystal 
physics that later formed the basis of modern textbooks on these disciplines [2]. 
In 1925, Fersman, a prominent Soviet mineralogist and a Member of the U.S.S.R. Academy of 
Sciences, invited Shubnikov to Leningrad where the latter organized a crystallographic laboratory 
under the sponsorship of the Mineralogical Museum. He managed to gather there a group of young 
enthusiasts--G. . Lemmlein, B. V. Vitovsky, E. V. Tsinzerling, M. P. Shaskolskaya--who became 
his faithful collaborators for many years. In a newly organized laboratory they studied the 
properties of natural quartz, developed the technology of mechanical treatment of these crystals, 
made quartz resonators, optical and other devices. At the Physical-Technical Institute Shubnikov 
organized a "factory" for growing Rochelle salt, which made it possible to study profoundly a new 
phenomenon-- ferroelectricity. 
The fruitful ten-years period in Leningrad [3, 4] was marked by a doctor's degree in geological- 
mineralogical sciences conferred on him, and in 1933 he became a Corresponding Member of the 
U.S.S.R. Academy of Sciences. In 1934 the U.S.S.R. Academy of Sciences moved from Leningrad 
to Moscow. In Moscow, the laboratory headed by Shubnikov was reorganized first into the 
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Crystallographic Sector of the Lomonosov Institute of the Academy of Sciences and then, in 
November, 1937, into an independent Crystallographic Laboratory of the Academy of Sciences 
with the rights of an Institute. Under Shubnikov the laboratory carried out investigations in all 
the major directions of crystallography: in the theory of symmetry, X-ray and electron structure 
analysis, crystal growth and morphology, and physics of real crystals [5-7]. 
Shubnikov suggested to organize also an industrial research laboratory of applied crys- 
tallography to study raw minerals. This laboratory developed also methods for efficient processing 
and use of crystals, and for growing Rochelle salt single crystals and making piezoacoustic 
transducers. 
During the Great Patriotic War of 1941-45, the majority of academic institutes were evacuated 
from Moscow to the East. The Crystallographic Laboratory continued its work in 1941-43 in the 
Sverdlovsk district (in the Urals) where a series of important scientific and applied crystallographic 
problems were solved. The laboratory managed also to organize the production of piezoquartz 
elements. 
In the spring of 1943 the Crystallographic Laboratory returned to Moscow and soon afterwards 
was reorganized into the Institute of Crystallography of the U.S.S.R. Academy of Sciences--a 
unique research institute of such a type. Shubnikov was in charge of the Institute of Crys- 
tallography for twenty years. In June, 1947, Shubnikov was awarded the U.S.S.R. State Prize for 
a monograph on piezoelectric textures [8]. In March, 1950, he was awarded a second U.S.S.R. State 
Prize for his works on artificial corundum. In 1953 Shubnikov was elected a Full Member of the 
U.S.S.R. Academy of Sciences at the Department of Physics and Mathematics. In 1955 Shubnikov 
started a new soviet scientific journal, Kristallografiya, and became its first Editor-in-Chief. 
Shubnikov, together with P. P. Ewald, L. Bragg, M. Laue, L. Pauling and N. V. Belov, was 
among the founders of Acta Crystallographica, an international journal on crystallography. 
A. V. Shubnikov was a member of the British and French Mineralogical Societies. 
A characteristic feature of Shubnikov's activity was the combination of scientific and practical 
problems. In 1956 he organized a workshop (a Special Designing Bureau) at the Institute of 
Crystallography which played an important role in developing unique apparatus and devices for 
the synthesis of crystals and for studying their structure and properties. Shubnikov studied all his 
life and, while studying himself, he taught others. He made great efforts to pave the way for young 
scientists, engineers, and skilled technicians. For many decades he conducted a scientific seminar 
which was called a Crystallographic University. He delivered lectures on crystal optics and crystal 
growth at the Universities in Gorky and Moscow. For many years (1953-68) Shubnikov headed 
the Chair of Crystal Physics at the Department of Physics at the Moscow State University. 
Shubnikov's ervices to his country were appreciated at their true value. He was honoured with 
title of Hero of Socialist Labour and awarded several government orders and prizes. 
Shubnikov died on 27 March 1970. He left an enormous cientific heritage and "infrastructure" 
which was animated by the efforts of his students and assistants, viz., institutes, laboratories, chairs, 
designing bureaux, plants and, what is most important, a staff of scientists, engineers and 
technicians working at these crystallographic institutions. 
Shubnikov's cientific activity encompassed three principal topics: symmetry, growth of crystals 
and their physical properties. All the features characterizing this triad are closely interrelated, viz. 
symmetry as a theory and method of cognition that determines the independence of crys- 
tallographic science; crystal growth as the means for providing research works and for various 
applications of crystals, and the search for new physical aws, and maximum determination of all 
the valuable properties of crystals that enable their practical application. 
The spectrum of Shubnikov's scientific interests was really amazing. His approach to the solution 
of the various problems was extremely versatile. He combined the profound abstract hinking of 
a classical scientist and natural philosopher with the inventiveness and practicality of an engineer, 
fertile imagination of a theoretician and the art of an experimentalist. 
Shubnikov was a consistent materialist-dialectician who skilfully applied the dialectical method 
and the system-structural approach in his investigations. Profound philosophical generalizations 
permeate almost all his works. 
Shubnikov visualized a crystal as a developing object with an inherent hierarchy of internal 
structures and symmetries that are included in another hierarchy--that ofa system of more general 
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objects with regard to which the symmetries of a crystal are dissymmetries [9,10]. A crystal is 
considered, on the one hand, as an individual and, on the other, as a medium. Shubnikov 
formulated the essence of the dialectic approach when speaking on the problems facing science as 
the necessity of comparing incomparable and distinguishing between indistinguishable. Heused to 
repeat his aphorism in his lectures. He also remarked on the concept of development saying that 
crystals originate, grow, age and die. 
Shubnikov studied the nature of such paired categories as symmetry-asymmetry (with 
all the intermediate gradations considered as dissymmetry), right- and left-handedness, 
symmetry-antisymmetry, individuals-medium, discrete-continuous, continuum-discontinuum 
(with intermediate s micontinuum gradations), etc. These notions were treated in their dialectical 
unity and development. In his scientific work he was guided by the unity of historical and logical 
[11]. 
The main ideological basis of the crystallographic studies carried out by Shubnikov and his 
school is the development and consistent application of symmetry to the investigation ofanisotropy 
and all the related physical properties of crystals, in particular, and material media, in general, with 
due regard not only of finite but also of continuous symmetry groups. He also extended the concept 
of symmetry which was considered as a pure geometric notion. 
Shubnikov scientifically transformed and extended the theory of crystal symmetry by introducing 
the concept of antisymmetry (black-white symmetry) [12, 13]. In the book Symmetry and 
Antisymmetry of Finite Figures [14] Shubnikov derived and illustrated all the point-symmetry 
groups. As was shown later, the same groups describe the magnetic point symmetry of crystals. 
Shubnikov responded immediately to the ideas of antisymmetry in physics of elementary particles 
and searched for a correlation between these notions and crystallographic analogues. 
Shubnikov investigated in succession many generalizations of crystallographic symmetry. He 
combined the symmetry of discrete structures (the subject of classical crystallography) with the 
symmetry of continuous and discrete--continuous media and physical fields, and thus derived the 
symmetry and antisymmetry groups of discontinua, continua nd semicontinua (rods, nets, layers 
and physical fields) [12, 15]. 
The symmetry of similarity, first analyzed by Shubnikov, iswidely used today in biosymmetrics-- 
symmetry systematization f biological objects. Highly important currently are Shubnikov's studies 
of noncrystallographic and irrational rotational symmetry of rods, two- and three-dimensional 
semicontinua that anticipated modern attempts to describe the symmetry of real crystals and 
space-modulated and incommensurate phases. Shubnikov studied the symmetry of anisotropic 
media, uniform vector and tensor fields, relating them to the Curie symmetry principle. In fact, 
he triggered the wide use of this principle in crystallography [16]. 
Shubnikov's idea on more comprehensive understanding of symmetry received widespread 
recognition and became an impetus for the development of the theories of color, multiple and 
multidimensional symmetries. The major contribution made by Shubnikov to the development of
generalized symmetry has become immortal. The space groups of antisymmetry are called now the 
Shubnikov groups. 
It is worth noting that Shubnikov showed great interest in the problem of five-fold symmetry 
and analyzed possible arrangements of pentagons on a plane. Today we witness the discovery of 
quasicrystal materials with icosahedral symmetry. 
Shubnikov himself was not engaged in structure analysis of crystals, but he was interested in
structural investigations of variou,; materials carried out by X-ray and electron diffraction 
techniques. He analyzed the geometric oncepts of coherent optics in the case of moir6 pattern 
formation and derived an analogue of the Bragg equation for such patterns. He believed that this 
method could be used for vizualizing a crystal attice. This foresight came true and now moir6 
patterns from crystals are studied in electron microscopy. 
The symmetry approach penetrated Shubnikov's works in crystal growth and crystal physics. Of 
great value remain today his works on the formation and growth of crystals, their internal and 
external morphology [17, 18]. As far back as the 1920s and 1930s Shubnikov performed classical 
experiments on oriented crystal growth (on alum crystals), on the changes in crystal sphere faceting 
with oscillating temperature, on growth of large crystals at the expense of small ones, etc. 
Shubnikov was the first to use scientific filming for studying crystals with a microscope. He was 
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brilliant when demonstrating on a screen the phenomena accompanying crystallization (the effect 
of electric fields and surface phenomena in the formation of external and internal crystal 
morphology, etc.). The films taken by Shubnikov were a great success at many scientific 
conferences. In practical crystallization Shubnikov always gave top priority to single crystals of 
technically important substances and paid special attention to the design of the crystallization 
apparatus and improvements in respective technologies up to the stage of their industrial usage. 
Many industrial methods of crystal synthesis (e.g. those used to grow Rochelle salt, potassium 
dihydrogen phosphate, quartz and ruby crystals) resulted, in fact, from the works carried out at 
the Institute of Crystallography under Shubnikov's guidance [19, 20]. 
In crystal physics Shubnikov used widely the tensor methods and brought hem into scientific 
practice for phenomenological description of various physical phenomena in crystals and textures. 
As an experimentalist, Shubnikov was interested, first and foremost, in optical, electrical and 
mechanical properties of dielectrics (mainly, piezo-, pyro- and ferroelectrics). Experiments per- 
formed by Shubnikov and his students on mechanical twinning and untwinning of quartz became 
classical. 
Shubnikov managed also to extend classical crystallography by considering not only single 
crystals but also crystalline (optical, piezo- and ferroelectric) textures, that opened new prospects 
for various applications. Shubnikov's works on textures found wide application in the in- 
vestigations of piezocomposites, a new significant class of materials. Shubnikov is also well known 
as an expert in crystal optics. He widely used crystal-optical methods in crystallographic studies. 
He wrote also two excellent extbooks on crystal optics [21, 22]. 
Clarity, definition, elegance, philosophical insight and figurativeness of thinking are character- 
istic of Shubnikov as a lecturer, teacher and popularizer of science. These qualities determined his 
unique style, a natural alloy of language and graphics, which was only partly reflected in his written 
works. 
Shubnikov's traditions in the research of crystals are developing in the Soviet Union and, in 
particular, at the A. V. Shubnikov Institute of Crystallography of the U.S.S.R. Academy of 
Sciences. These traditions have also greatly influenced crystallography worldwide. Shubnikov 
always emphasized that the study of symmetry and crystal structure was inseparable from the 
studies of properties and growth of crystals, as was often the case in the West. He used to say that 
there is no crystallography without crystals. 
Modern crystallography is based on the unity of investigations of the atomic structure with its 
numerous defects, studies of crystal properties and investigation of the processes of crystal 
formation and synthesis of new crystals. The theoretical fundamentals of crystallography are also 
developing. These are the theories of symmetry and diffraction, direct methods of structure 
analysis, mathematical principles of crystal physics, microscopic theories on the physical properties 
of crystals. 
Modern crystallography provides a wealth of information on the atomic structure obtained by 
the X-ray, neutron- and electron-diffraction techniques and powerful theoretical nd calculational 
methods. We witness the study of most complicated inorganic and organic structures. Consid- 
eration of electron density distribution and the dynamics of atoms in a crystal attice allows us to 
predict the optimum composition and structure of crystals with the required properties. In the 
recent decades we saw also the advent and rapid development of structural crystallography of
proteins and other biomolecules, a link between classical crystallography and biology. 
Of great importance are the studies of real, surface and bulk structures and their relation to the 
physical properties of crystals, dimensional effects, two-dimensional crystals and films, and epitaxy. 
Great advances have been achieved in the theory and experimental methods of observing such 
phenomena s the nucleation and growth of crystals, electron and X-ray diffraction, mass 
spectroscopy, electron and field emission microscopy, and other modern techniques for studying 
surfaces. Under progress are also investigations of phase transitions in various classes of materials, 
including those occurring under high and ultrahigh pressures. 
Crystallographic approaches are very useful in studying, synthesizing, and applying new classes 
of materials, and, first of all, semiconductor materials that have ensured unprecedented progress 
in modern electronics and computerization, and other new materials: ionic conductors, high- 
temperature superconductors, various dielectrics, laser and optical crystals, etc. Among crys- 
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tallographic objects are now liquid crystals. Their wide application in technology was also foreseen, 
among few scientists, by Shubnikov. 
Scientific results in crystal synthesis have found numerous technological applications. New 
methods have been developed for synthesizing crystals from solutions, methods of hydrothermal 
synthesis, for growing refractory crystals and epitaxial semiconductor layers. We witnessed also 
the advent of the synthetic diamond. 
Thus, crystallography, based on the achievements of mathematics, physics, chemistry and 
mineralogy, not only enriches these sciences (also biology) but gains great value for the industry 
of new materials and numerous technological applications. Many crystals are now indispensable 
components of most complicated optical, radiotechnical and other devices and instruments. 
Thus, fundamental investigations of the crystalline state of matter based methodologically on 
the indivisibility of the three components of crystallography, namely, structure, properties, 
synthesis, have ensured scientific and technological progress in the majority of modern branches 
of technology. By the end of our century perfect high-speed and precision methods of analysis of 
the ideal and real structure will be used for controlling technological processes. 
Crystals will be increasingly used in various devices, including those based on recent achieve- 
ments in physics. Crystal growth will become an exact science so that it will be possible to grow 
quickly almost any crystal of any desired degree of perfection. Elementary defects of the crystal 
lattice, monomolecular layers, and individual molecules will be straightforwardly used as elements 
of various devices. 
Celebrating Shubnikov's hundredth anniversary we would like to stress once again his 
outstanding role in the formation and progress of modern crystallography as an independent 
branch of science [23-27]. 
Shubnikov's ideas are alive today and continue to influence the main trends in the development 
of crystallography. 
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